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ORBITING STATIONS: STOPOVERS TO SPACE TRAVEL 


On December 10, 1963, Defense Secretary Robert McNamara an- 
nounced that the U. S. Air Force would proceed with work leading to 
the building of an actual Manned Orbital Laboratory (MOL). 

Once again Irwin Stambler informs the reader about our space 
age. He begins with a discussion of space ferries, the vehicles needed to 
transport men and equipment to the station, and continues with the 
Titan III booster system, the Dyna-Soar program, and developmental 
history of the MOL with all of its design problems. 

All of the phases leading to the selection and training of the crew 
and the fuel types are told in this up-to-date account of orbiting stations. 
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ORBITING STATIONS: STOPOVERS TO SPACE TRAVEL 


CHAPTER 1 


Why the Space Lab? 


S ANY science fiction fan knows, orbiting space stations have 

been pictured as part of the future. On December 10, 1963, 

the future became the present. On that date, Secretary of Defense Robert 

S. McNamara announced the U.S. Air Force would proceed with work 

leading to the building of an actual Manned Orbital Laboratory (called 
MOL). 

The MOL is a simple two to four man test laboratory that will only 
have a life in orbit of less than a year. But it may be the first step to the 
space terminal of tomorrow. In the twenty-first century, passengers on 
interplanetary vacations or business trips may be ferried to a huge orbit- 
ing station from which they will board a spaceship for the moon, Mars 
or Jupiter. 

Of course, it will be many decades before the average man will get 
even a slight chance at space travel. First must come years of careful, 
step-by-step experimenting. Before there can be an Orbiting Terminal, 
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Douglas Aircraft Corp. 


Space delivery — The partnership of the space ferry and the manned orbital labora- 
tory is demonstrated in this sketch. Here astronauts in a Douglas Astro ferry ap- 
proach a huge space station with fresh supplies of food and test equipment. Even- 
tually, experimental orbiting stations may give way to orbiting terminals for space 


travelers of the future. 
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there must be an Orbiting Space Station and before this must come 
MOL. And a vital part of all of these will be some kind of Space Ferry. 
Many programs, such as the X-15, Dyna-Soar, Gemini and the NASA 
“Lifting Body,” are already giving information that will make such a 
ferry possible. These studies are laying the groundwork for flight in and 
out of earth’s atmosphere as easily as today’s jetliners fly from coast to 
coast. Let’s see then just what space ferries and orbiting laboratories are 
and how they work together. 

The many airplane-type test vehicles in today’s headlines are part 
of man’s continuing effort to master earth’s environment. First, in the 
1700’s, came the balloon, which took him a few thousand feet into the 
air. Then came the piston engine plane, pioneered by the Wright Brothers, 
which let man go as high as the tops of close to all the highest mountains. 
Adding air pressurization to compress the thin air of the very high alti- 
tudes into breathable form let man go higher still. And, with such rocket 
planes as the X-15, came the final link in the chain, development of con- 
trollable craft that could go out into space and fly back into the atmo- 
sphere to land on earth’s surface. 

Beyond this, man must now be concerned with a completely differ- 
ent region, the new ocean of space. The farther man goes from the 
ground, the harder is the problem of supporting life. Above about 60- 
70,000 miles’ altitude, the air molecules become so few, even high pres- 
sure pumps can’t force enough of them into an airplane cabin to fill a 
man’s lungs. In the almost perfect vacuum of space, man must carry 
along all the air he needs for a given trip. The space ship must also take 
along large supplies of fuel, plus food and other things required to sup- 
port life during the trip. 

The greatest amount of energy in taking off on a space mission from 
earth is required to escape from earth’s atmosphere and the pull of 
earth’s gravity. It takes a large amount of fuel plus powerful rocket 
engines to do this. If the ship must go direct to its destination, it will 
have to go most of the way with wasted capacity from the large amount 
of fuel used in takeoff. In addition, once past the air and gravity barrier, 
a spaceship could get along with much smaller engines. Thus if a way 
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could be found to refuel a spaceship once it had gotten into space, or to 
transfer the ship’s passengers and cargo to a different ship, the task of 
traveling through space would be easier. 

One answer to this would be to have a large space station orbiting 
our planet to which space ferries would carry interplanetary voyagers. 
However, it might eventually prove just as easy, if not easier, to use the 
moon as a space takeoff point. The establishment of a moon terminal 
might have great advantages. This is particularly true if materials are 
found there from which rocket fuels or spacecraft parts can be made. 

All of this, however, is something that must be decided some time in 
the future. Even if the moon terminal someday proves best, there are still 
good reasons for building space laboratories soon. This is because there 
are Many answers that must be found before any large-scale space ex- 
ploration can take place. Scientists must expose sample parts of space- 
craft systems to outer space for long periods of time to make sure they 
won’t fail under space conditions. Before man can be sent on long space 
missions, scientists must also find out the effects of such things as long- 
time weightlessness on the body. 

By weightlessness we mean the condition in which the pull of grav- 
ity is canceled out by centrifugal force. Without the pull of gravity, 
liquids can break down into a great many droplets that float in midair. 
Indeed, any object, including a human being, would then float inside a 
space cabin unless it was fastened down. Long periods of weightlessness 
also can affect the organs of the body, but to what extent is not yet 
known. The Mercury flights have shown man can take up to a day of 
weightlessness without major ill effects. The Gemini missions will, by 
1965-67, have answered some of the questions about space effects for 
time spans up to 14 days. Some of those questions were answered via the 
three-orbital flight by astronauts John W. Young and Virgil I. Grissom 
in March, 1965. 

But many space journeys will take far more time than two weeks. 
Besides, the Gemini capsule is small. Basically, it’s the equivalent of an 
airplane cockpit for two pilots. There isn’t enough room for the men to 
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Boeing Co. 


Dyna-Soar in space was never to be, for the program was canceled in December 
1963. One of the reasons was the development of a new type of aerospace plane, 
the lifting body. The sketch above shows one of a number of proposals (this one by 
Martin-Marietta) of a lifting body design. A close comparison of the two pictures 
will show that the X-20 has wings while the lifting body plane instead uses the 
whole body to provide aerodynamic lift. 








General Dynamics/ Astronautics 


As work progressed on the Gemini two-man orbital capsule, scientists looked be- 
yond to the need for an orbiting lab. One reason for an orbiting lab is shown in 
these pictures. Such a lab could provide a “shirt-sleeve” atmosphere — that is, one 
in which the astronauts could wear normal clothes while running experiments. The 
picture above shows (white line) how a space suit restricts arm movements. Note how 
much farther a person wearing normal clothes can move his arm (below). 





move around and set up equipment for large-scale tests. To provide this 
room, plus the time in space for a true evaluation of man’s abilities and 
problems, a larger orbital vehicle than Gemini was needed. In the near 
future, then, the station would help solve the problems of long space 
flights by human beings. At the same time, it would start giving engi- 
neers the information needed for the orbiting space terminals of the next 
century. 

Thus the Air Force, beginning in 1957, and, a few years later, the 
National Aeronautics and Space Administration (NASA), began study 
programs of possible orbiting labs. From 1957 through 1963, engineers 
and scientists made many different mathematical calculations, often with 
the aid of computers, of properties of such stations. From these figures, 
they made engineering drawings of dozens of possible designs. They 
knew, though, that it would be many years before powerful enough 
rockets would be available to make it possible to start actually building 
parts for such stations. 

While all these paper studies of orbiting laboratories went on, sev- 
eral very high speed advanced aerospace vehicles were reaching produc- 
tion stages. Engineers on such programs as the X-15 and Dyna-Soar did 
not worry much about the problems of space stations. They wanted to 
develop ships that men could control and fly in the very highest regions 
of our atmosphere. They wanted to get information about the makeup 
of the upper atmosphere and the edge of space so they could design better 
air-space planes. But the same information also applied to ships that could 
come back into earth’s atmosphere from somewhere “outside.” This “out- 
side” could be directly from another planet or from a space station. 

So, as the studies of Manned Orbiting Laboratories took shape, a 
direct relationship could be seen between the MOL and such craft as the 
Dyna-Soar. The reason is that orbiting laboratories, to be useful, must 
carry crews continuously for anywhere from 90 days up to a year or 
more. There must be ways, then, of rotating the crews or taking an ill 
member back to earth. Also, it isn’t possible to completely stock a station 
with food and other supplies for such long periods of time. Not only that, 
but some parts of the station might have to be put together in orbit be- 
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fore the crew could go inside the station. Thus some way was needed first 
to carry the crew up to that station and, later, carry fresh supplies of 
food or test equipment to the station. The answer, therefore, was some 
kind of space ferry. Such a ferry had to be highly maneuverable as well 
as able to go through the atmosphere to the station and then return to 
earth. 

This meant such vehicles as the X-15 and its successors would give 
scientists the information to build an eventual space ferry. However, it 
was certain the ferry would look quite different from the X-15 or Dyna- 
Soar designs. Both of these were developed for making measurements of 
the conditions affecting ships coming back into the atmosphere. But they 
were not designed to carry large amounts of cargo or more than one 
pilot. The X-15, of course, was ruled out because it was designed not to 
go into orbit, but just to go briefly to the edge of space and then glide 
back to earth. The Dyna-Soar, or a plane like it, represents the next step 
after the X-15. Such a plane would go into orbit before reentering the 
atmosphere. The difference between Dyna-Soar and the Project Mercury 
system was that Dyna-Soar was flyable. It had wings and movable con- 
trol surfaces so the pilot could guide it back to a normal landing. The 
Mercury capsule once it reentered was more like a rock. It could only 
drift down to wherever its parachute took it. So it had to be landed at 
sea, often several hundred miles from the intended landing spot. 

The Dyna-Soar project was started by the Air Force to point the 
way to a hypersonic (speeds of Mach 5 to 10) bomber of the future. 
Such a plane was to be launched into orbit by a huge multi-million-pound 
thrust booster. Once in orbit, it would reenter the atmosphere by a series 
of “skips.” That is, the plane would come from space into the top of the 
atmosphere so fast that it would literally bounce back into space. This 
is what happens to a pebble that is skimmed across the surface of a still 
pond, for example. The bounce would use up some of the energy and the 
plane would glide back into the atmosphere and again bounce up, but 
less than before. After a series of these skips, the plane would have 
slowed down enough so it would be ready to glide gently back down to 
earth. 
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The contract to design such a plane was awarded to Boeing Air- 
plane Company in 1958. Actually, though, the first ideas for a space plane 
of this type went back many years before the first of the U.S. “X” series 
rocket planes* was even a gleam in an engineer’s eye. It had not been a 
U.S. idea, but a German one. The German scientists responsible for the 
V-2 missile that rained destruction on England had planned for many 
more space projects beyond this. Their future plans, which came to an 
end when Germany lost the war, included satellites and very high Mach 
bombers. As early as 1933, German scientist Dr. Eugen Sanger proposed 
an “antipodal” bomber. This was to be a “skip-glide” bomber launched 
into space by means of a rocket track such as that used for the V-2 mis- 
sile. By 1939, he and another scientist named Bredt were working on 
actual plans for such a plane for Germany. Other German scientists pro- 
posed another orbital bomber that would be launched from a two-stage 
missile instead of a railway track. This missile, though, had to be far 
more powerful than the V-2. 

The German plans fell into both U.S. and Russian hands and both 
countries considered developing them further. One result, of course, was 
the translation of German satellite plans into the Russian Sputniks and 
the U.S. Explorers. The skip-glide concept was delayed, though, by lack 
of suitable rocket boosters. As rocket knowledge increased and it became 
apparent such boosters would be made eventually, the U.S. finally started 
its Dyna-Soar program. 

From the start, it was obvious this was going to be a tough job for 
the design engineers. A controllable reentry plane has to take very high 
temperature for much longer periods than, say, a Mercury capsule. This 
is because it must glide back through the atmosphere rather than go 
straight down. The harm that can be done to a metal by high tempera- 
tures is much worse if the metal must take these temperatures for many 
minutes than if it is only exposed to them for a few minutes. 

Besides this, even with the best methods of slowing a plane down 
before reentry, it still will come in at a higher speed from orbit than the 


* There had been a number of earlier X-type (the X stands for experimental) re- 
search planes, starting with the X-1, that led up to the X-15. 
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Astronauts training for space ferry and orbiting lab missions had to be able to work 
the controls of this simulator capsule while whirling at speeds that imposed thou- 
sands of pounds of centrifugal force on their bodies. 
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sub-orbital X-15. Where the leading edges of the X-15 take a little over 
1000 degrees F., the edges of an orbital reentry plane must not fail under 
temperatures of from 2500 to over 3000 degrees. The best stainless steels 
would fail well below 1500 degrees. Even the extra-strong nickel and 
cobalt high temperature alloys used on the X-15 and the Mercury cap- 
sule are no good above 1800 to 1900 degrees. 

Thus special new high temperature alloys had to be used. There 
were metals which gave promise of taking such searing heat. These are 
called the refractory metals and include molybdenum, tungsten, tanta- 
lum and columbium. But no one had worked on these for use in plane 
structures. There were many problems that had to be overcome to use 
them. They are very hard to form under any conditions, much less where 
very large and often curved parts are needed. In addition, once formed, 
the metals are normally very brittle and, while they won’t melt under 
very high temperatures, they would crack if high loads were applied to 
them. Thus special programs had to be set up to find out all about the 
metals. Their atomic structure had to be studied to find ways to eliminate 
things that made them brittle. Other studies had to be started on possible 
additions of small amounts of other metals to make new alloys that 
would be easier to form. 

At the nose of the plane, a point the scientists call the “stagnation 
point,” the air would get hotter still—as high as 20,000 degrees. No 
metal could take this without turning quickly into a vapor. In fact, no 
material known to man could take such heat directly without burning up. 
Luckily, the nose does not actually feel this much heat. A lot of the heat 
is radiated away before it can soak into the nose material. But the nose 
still must be able to withstand many thousands of degrees of temperature 
without failing. This is beyond the temperature capability of any metal, 
but there are some non-metals that can withstand temperatures of 5000 
to 6000 degrees F. The answer, then, was to use graphite for the nose— 
which can take close to 6000 degrees—and combine this with some form 
of cooling system to protect the graphite in case the temperature rose 
above this value. 

Beginning in 1958, hundreds of hours of testing were devoted to 
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Technicians at UTC prepare to join two parts of the segmented rocket engine. When 


holes in top and bottom are lined up, pins are driven into all of them to hold the 
two parts together. 


meeting these needs. Gradually, as the years passed, scientists found 
ways to make refractory metal alloys to take both high temperatures and 
high loads without failing. But this was only one part of the program. 
Special control systems had to be invented to permit pilots to actually fly 
such a “hot-rod” plane back into the atmosphere. Under the severe condi- 
tions of reentry at speeds of over 4000 miles an hour, the control system 
had to automatically do things that the pilot’s reflexes couldn’t take care 
of. Besides this, the system had to be self-healing. Minneapolis Honey- 
well Company was assigned the job of inventing and perfecting such 
equipment. 

Electronic, mechanical and other types of engineers ran test after 
test to find just the right combination of parts for the new controls. As 
the months passed, the equipment took form until by 1962, a complete 
system was ready for flight testing. The Dyna-Soar, by now designated 
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the X-20, was still several years from being flight-ready, so the X-15 
would be used to check out the new method. The new system was called 
an “adaptive control system.” At the same time it was being proven for 
future spacecraft it was also making it possible to fly the X-15 to higher 
altitudes than before. This was because the system was more accurate 
and safer to operate than the previous X-15 control system. The Minne- 
apolis Honeywell design used a special computer which automatically 
blended information from external sensing devices to operate the aero- 
dynamic and jet reaction controls. The pilot turned his stick control to 
indicate what he wanted the plane to do and the adaptive system auto- 
matically made the plane do it. To make the system self-healing, it was 
made in the form of two twin electronic packages. The parts were so con- 
nected that if one electronic path failed, another one automatically took 


As the Titan program moves forward, an old Titan ICBM captive firing site at Martin 
Company’s Denver Division is modified for Titan III engine tests. 


Martin Company 





over. By June, 1962, the controls had been flown in the X-15 and de- 
clared a great success by enthusiastic space pilots. 

In the same way, engineers at other companies developed new 
advanced systems. Garrett Corporation, for instance, worked on the 
environmental system to safeguard the pilot and the plane’s internal 
equipment. The cooling part of this system had to keep the pilot’s cabin 
and all the other gear at reasonable temperatures while the air around 
the plane glowed at white heat. It was decided to use liquid hydrogen. 
Hydrogen is normally a gas. To make it a liquid, it has to be cooled to 
—423 degrees F. This ultra-cold gas would be stored in a tank until 
needed. When released into the cooling system, it would absorb the great 
heat from outside before it could reach the inside of the spacecraft. 

Other companies involved in the program included Westinghouse 
Electric, which worked on the electrical power system; Bell Aerospace, 
which provided the jet reaction controls; Ling-Temco Vought, which 
devised the nose cap; and Thiokol Chemical, which developed the rocket 
engines. 

As all these companies did their part of the project, Boeing engi- 
neers ran thousands of wind tunnel tests to find the best shape for the 
plane itself. As 1960 passed into 1961, it became apparent the plane 
could be successfully built. The Air Force therefore started asking for 
applicants to fly the X-20. From several hundred applicants, Air Force 
doctors and specialists gradually cut the list down to a handful of highly 
qualified test pilots. The group entered training in June, 1961, but their 
names were not made public until 14 months later. Finally, in Septem- 
ber, 1962, the announcement was made that six had been chosen. These 
included five Air Force pilots and one NASA pilot, all with many hours 
of flight in jet fighters and test pilot experience. The Air Force members 
were Major Henry C. Gordon, 36; Captain William J. Knight, 32; Major 
Russell L. Rogers, 34; Major James O. Wood, 38; and Captain Albert 
H. Crews, 33. The NASA entry was 36-year-old Milton Thompson. 
Besides their flight experience, all of the new spacemen had degrees in 
engineering or mathematics. All had flown the Air Force supersonic 
“Century series” fighters and had attended or instructed at the USAF 
Experimental Test Pilot School at Edwards Air Force Base, California. 
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CHAPTER 2 


The Titan III C 


PRIME CONSIDERATION in any space program is the 

booster system. Engineers always like to use an available sys- 
tem if they can, and a careful review was made of the U.S. missile roster. 
At first it was decided to adapt a Titan Intercontinental Ballistic Missile 
to do the job. The Titan used storable liquid propellants (propellants 
that did not have to be supercooled to temperatures of — 320 degrees F.) 
and had the highest takeoff thrust at the time. During early design stages, 
the Titan I missile was used as the basis for Dyna-Soar plans. On January 
13, 1961, the Air Force announced it had decided to substitute the im- 
proved version of this missile, Titan II. Titan II had a first stage thrust 
of 430,000 pounds and a second stage thrust of 100,000 pounds. 

But even Titan II left something to be desired. It just didn’t have 
enough thrust to permit including all the systems in the spaceship that 
scientists and engineers wanted to put into it. Thus the Air Force decided 
to develop a brand new booster system to haul the Dyna-Soar into orbit. 
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United Technology Center 


In late 1963, a full-scale firing of the complete million-pound solid engine for Titan 
Ill lights up the sky near San Jose, California. 
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The system, though, would not be for Dyna-Soar alone, but would pro- 
vide the U.S. with a new standardized space launch system. The new 
system would provide several million pounds of thrust and could be used 
for a great many different space and satellite missions of the late 1960’s 
and throughout the 1970’s. 

The new booster was designated the Titan III and the Air Force 
approved study plans for the system on August 20, 1962. Engineers at 
many companies worked for months on proposals for the new craft. 
Finally selected as the integration contractor was the same company 
responsible for building Titans I and II, the Denver Division of Martin- 
Marietta Corporation. 

Heart of the new booster was the use of a breakthrough in solid 
rocket engines called segmented solids. During the late 1950’s and early 
1960’s, propulsion engineers at many companies and research institutes 
had been looking for ways to make very large solid rockets possible. The 
drawback had been the tremendous weight of the solid fuel. For a liquid 
rocket, a huge, thin shell could be built into which the fuel could be 
pumped at the launch pad. The shell was relatively light and so could be 
transported by truck, railway car, or airplane from the factory to the pad. 

But solid rockets must be made in one big piece. A solid rocket 
capable of delivering a half-million to a million pounds of thrust was 
possible. However, it would weigh so many tons, it would be impossible 
for the strongest crane to lift it or the most powerful truck or strongest 
railroad car to carry it. The answer, engineers decided, was to make the 
rocket in “segments.” These segments would be small enough and light 
enough (“light” means able to be carried by available trucks or railroad 
cars—but a segment still weighs almost 50 tons) to be transported to the 
launch site. At the site, the segments could be attached together like the 
parts of an erector set. By 1962, scientists and engineers had brought the 
new idea to the point where 100-inch-diameter segmented rockets had 
been fired successfully in ground tests to give thrusts of over a half-mil- 
lion pounds. 

It was decided to use a modified Titan II as the center section of a 
three-section booster. To this liquid fueled “core” would be strapped two 
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huge solid propellant engines, each able to provide over a million pounds 
of thrust. To achieve this thrust level with the proper booster height to 
mate with the core, the diameter of the engine was changed to 120 inches 
rather than the 100 of earlier tests. After a design competition, the com- 
pany selected to build the solid fuel engines was United Technology 
Center of United Aircraft Corporation, Sunnyvale, California. Each 
huge solid booster would weigh over 250 tons and tower 75 feet into the 
air on the launch pad. 

The core to which they were to be strapped was based on the Titan 
II ICBM, but with an added stage. The first stage of the core used a twin 
nozzle liquid propellant engine capable of delivering 430,000-pound 
thrust and a second stage twin nozzle engine rated at 100,000-pound 
thrust. On top of these, though, a new stage, called the Transtage, was 
added. The liquid propellant engines, including the Transtage, were 
provided to Martin-Marietta by Aerojet-General, Sacramento, Califor- 
nia. For certain space missions, the solid boosters and the Titan II first 
stages had the job of propelling the Transtage and the payload towards 
a “parking orbit.” 

The parking orbit method was devised earlier in the space program 
to give scientists more leeway in launching spaceships out from earth. 
Without the parking orbit idea, there are only a few minutes to fire the 
payload towards its objective. This is a major handicap, for it is possible 
the craft may be in a relatively poor position for the final trajectory at 
that moment. The answer was to first put the payload and some kind of 
engine system into a preliminary orbit around the earth. This gave the 
scientists and engineers much more time to decide when to commit the 
spaceship to its final—or near final—course. 

The Transtage was the engine system designed to provide Titan III 
with this parking orbit capability. To do this, the Transtage had to be able 
to fire more than once. After second stage burnout and separation, the 
Transtage would fire just long enough to propel itself and the payload 
into the orbit. It would then turn off, keeping enough fuel in its tanks to 
be restarted later on. Once the payload was in proper position, the 
Transtage would be started again to push the spacecraft into its desired 


26 





United Technology Center 


The MOL — Manned Orbiting Laboratory — is shown, in this artist’s-eye view, being 
lifted into space by the Titan Ill C. On top of the cylindrical canister, the crew sit 
in a modified Gemini capsule. 
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course. For a deep space mission, the course might be outward towards 
the moon or distant planets. For a Dyna-Soar-type plane, the Transtage 
could move the craft into a reentry trajectory. 

It can be seen that the Transtage has many uses. This reflects the 
whole idea in the Titan III of making one launch system vehicle that 
could be used for many different missions. For some satellite and space 
tests, the extra thrust of the solid boosters wasn’t needed. Considering 
this, the Titan III was designed so the core alone could be used in such 
cases. The solid rockets only had to be added where more power was 
required. The fact that the solids were made in segments also meant that, 
if desired, fewer segments could be attached together. The Titan III 
design using the core only was designated the IIIA vehicle. The complete 
three-section system was called the IIIC. The Titan HIC with a typical 
unmanned space vehicle on top has a height of 120 feet. A Dyna-Soar- 
type vehicle resulted in a total IIIC height of 151 feet. Depending on the 
mission, Titan III could launch payloads ranging from 5000 to 25,000 
pounds into various earth orbits or on deep space journeys. 

After reviewing the thousands of drawings and reports by engi- 
neers, the Department of Defense gave the green light for the Titan III 
research and development program to start on December 1, 1962. Up to 
this time, the Titan III only existed in plans and the minds of men. A 
tremendous new system such as this had to go through months of testing 
and slow buildup of production facilities, followed by a flight test pro- 
gram before it would be ready for operational use. The Department of 
Defense-Air Force program called for the research development phase to 
take 45 months from the starting date. By the middle of 1964, the parts 
for the first test vehicles would be completed. 

Then, after weeks of rigorous ground testing, actual test launches 
would begin. The schedule called for five IIIA and 12 HIC test vehicles 
to be built and launched. The first IIA launch was planned for late 
1964, and the first IIIC by mid-1965. Some of these, it was known, 
would probably fail, but the failures would point out the “bugs” in the 
system and allow engineers and scientists to make corrections in follow- 
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ing boosters. After 17 launches, all would finally be in order for the first 
operational Titan III to take to the air. 

- During these months, not only would the missiles themselves have 
to be developed and tested; many other things had to be done as well. 
Transportation methods had to be devised to carry the huge solid rocket 
segments to the launch site. Complete new ground electronic systems 
had to be designed, built and installed at Cape Kennedy and ground 
tracking stations. Some of this equipment had to automatically check 
out all the parts of a Titan III to make sure there was nothing wrong. 
Some of it gave ground stations the ability to either send signals to work 
the missile during launch and flight or to receive information from the 
booster and its payload. 


The huge Titan III C vehicle, towering over 150 feet into the air, moves into place on 
the launch pad. Missile is carried on same railroad car on which its parts were 


assembled. 
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Once the solid rockets have lifted 
Titan Ill C and its payload off the 
ground, their role is finished. As this 
sketch shows, when the solids burn 
out, they separate from the core 
section. Just before solid burnout, 
the first-stage liquid-propellant en- 
gines are ignited to push the space- 
craft farther towards space. 
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Still another huge part of the jigsaw puzzle was the construction of 
a new Titan III assembly center and launch pad system at the Cape. This 
required building three artificial islands in the middle of the Banana 
River, which flows through the area. This launch site represents a new 
streamlined approach to the overall launch problem. The size of the 
parts called for special transportation-assembly methods. Thus not only 
were several huge assembly buildings needed, but a 414-mile-long rail- 
road system connecting these buildings to three new pads. (The pads are 
designated Complex 40, 41 and 42.) 

One of the buildings, called the integration building, was designed 
for assembly of the core section and installation of the payload. To take 
care of the huge solid propellant segments, two barge docks were placed 
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nearby. The solid segments would pass through the propellant inspection 
building where they would be carefully examined to make sure there 
were no minute cracks, swelling or other flaws in the solid “grain.” (A 
solid propellant fuel in its final shape is called a grain.) Any of these 
flaws could result in improper burning of the grain when it was ignited 
on launch. The segments, once okayed, then went to special solid seg- 
ment storage bunkers. Here the air temperature and humidity has to be 
carefully controlled to prevent any damage to the grain. 

Once the core and payload for a mission has been assembled and 
carefully examined by electronic check-out equipment, it is taken on its 
huge railroad car base to the next stopping point. The railroad carriage 
in this case is used all through the assembly and launch program. The 


Course of the Titan III and its payload is monitored from a launch center such as this. 


General Dynamics/ Electronics, Bell Telephone Labs 
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Carefully watching the displays on their instrument panel, two astronauts in their 
Gemini ferry prepare to rendezvous with the MOL. 
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Titan parts are built up on the car and when the IIIA missile is ready to 
fire, the car moves right onto the pad where it also serves as the launch- 
ing base. After launch, the railroad car then is moved back to the assem- 
bly area for its next load. Thus the track system provides a great deal of 
flexibility for the launch program. It permits moving a missile onto the 
pad only when it’s ready for launch. This eliminates tying up a pad for 
days or weeks because of problems in a launch vehicle. As a result, 
USAF estimated it could get over thirty launches per pad per year as 
against only nine or ten launches per year on current Atlas pads at the 
Cape. 

The last paragraph didn’t mention solid assembly. Again the rail 
system flexibility permits either going directly from the core assembly 
building to the launch site or going first through another building for 
attachment of the solids. This means one type of railroad car can be 
used to launch either a IIIA or IIIC system. 

The solid assembly building is between the integration building and 
the launch sites. When a Titan IIIC vehicle is wanted, the proper num- 
ber of 50-ton segments is carried into the assembly building. Here huge 
cranes can position each new segment on top of the lower one until the 
full five segments are together. The segments are fastened to each other 
by a series of metal pins inserted through a special mating joint on the 
top and bottom of the segments. When the solid booster is complete, 
the crane carries it onto the railroad car holding the core section. Then 
the solid rocket is bolted to the core at special attachment points. 

When all the bolts have been fastened, all the electrical, hydraulic 
and other systems connected, electronic check-out equipment again 
makes sure everything is working as it should. If everything is “go,” the 
Titan IIC car moves out to the pad. The electronic check-out system on 
special vans of its own, goes right along with the car to the pad. Thus 
electronic signals can continue monitoring the “health” of the vehicle 
until a few minutes before launch. 
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CHAPTER 3 


Death of Dyna-Soar 


Y MID-1963, the Titan III program was well underway with 
successful full-scale test firings of the million-pound solid en- 
gine and the new Transtage engine completed. In the meantime, though, 
the outlook for the Dyna-Soar glider had changed radically. In fact, from 
mid-1961 on, the Dyna-Soar program was undergoing almost constant 
reevaluation. It was not that the goals of Dyna-Soar were wrong, it was 
just that the tremendous pace of modern technology kept turning up 
attractive alternates to do the job. 

The first blow to the program was the rapid increase in the reli- 
ability and explosive capacity of the ballistic missile. This led military 
experts to decide that the days of the manned bomber were numbered. 
As a result, the Dyna-Soar mission was changed from that of a prototype 
for the next generation of bomber to a pure research vehicle. Though the 
bombing mission was dead, Dyna-Soar still gave scientists the tool they 
felt they needed to expand information about the atmosphere beyond 


34 


ed 


Garrett Corp. 





Blood pressure of an astronaut is measured during Gemini flights by the small de- 
vice at bottom — hardly larger than an ordinary cigarette lighter. The Gemini in- 
strument, developed by Garrett Corporation, is a fraction of the earlier Project 


Mercury unit shown at top. 
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There seems little doubt that the next generation of space ferry after the MOL 
Gemini will be closer to a plane than a capsule. As the MOL studies progressed, 
scientists at NASA‘’s Langley Research Center, Virginia, continued work on their 
version of the lifting body family, the HL-10. Here a model of the HL-10 is studied 
in free flight in a full-scale wind tunnel. 


what the X-15 could provide. Not only that, it still seemed a good test 
bed for development of an eventual space ferry. 

So Dyna-Soar was revised from a possible production plane to a se- 
ries of three experimental spacecraft. Work proceeded steadily through- 
out 1962, but now several other threats appeared on the horizon. 
Continuing wind tunnel tests at the National Aeronautics and Space 
Station laboratories had come up with promising new aerospace designs 
called “lifting bodies.” Though only in the model stage, these seemed to 
provide much more effective ways of doing space ferry missions than the 
Dyna-Soar. 

Not only were government labs turning up such designs, but re- 
search facilities at major companies kept coming up with all kinds of 
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equally interesting flyable vehicles to do the ferry mission. Aerojet- 
General, for instance, proposed a huge flying wing called Astroplane 
that could take off vertically like a missile and land horizontally like a 
regular plane. Douglas Aircraft proposed a rocket cargo plane called 
Astro, and Martin-Marietta came up with still another type of “lifting 
body” craft. All of these were further away in time than Dyna-Soar as far 
as actual building was concerned. But the problem was that the Dyna- 
Soar configuration would not give the information needed to evolve into 
the new types of designs. 

The main reason for this was that Dyna-Soar basically was a winged 
vehicle. Most of the lift generated to keep it in the air came from the 
wings. The lifting body designs, on the other hand, did away with wings. 


Wingless design of NASA’s HL-10 lifting body reentry craft is shown in this picture 
of a model undergoing aerodynamic control tests in the Langley Unitary Plan wind 
tunnel. 
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NASA researcher is shown preparing an HL-10 lifting body model for belly landing 
studies. 
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Instead, specially shaped fuselages had been found from wind tunnel 
tests that would give enough aerodynamic stability and lift without the 
need for wings. The new arrangement provided several advantages over 
the winged vehicle. Because of the way the wingless vehicle reentered, it 
is subjected to lower temperatures than other types. Besides this, the 
great forces pushing against wings on reentry made necessary heavy 
wing-to-fuselage joints to prevent the wings from snapping off. The wing- 
less vehicles didn’t have this problem and the weight saved in eliminating 
heavy joints could be turned into useful payload. 

Even then, the fact that Dyna-Soar was so much closer to production 
was a strong argument for finishing it. It would be many years before all 
the needed wind tunnel and other test work would be finished on the 
newer types. In the meantime, Dyna-Soar might be useful as a crew or 
small supply vehicle for any near-future orbiting laboratory program. At 
this point, fate struck another blow to the craft. An argument for Dyna- 
Soar against, say, Mercury, for such space missions was its reentry ma- 
neuverability. But another NASA program, directed by scientist Francis 
Rogallo, had resulted in development of a new kind of lightweight, 
plastic wing. Called the Rogallo wing, this was a huge, arrow-shaped 
foldable structure made of thin, but very strong Mylar plastic, to which 
was bonded a second layer of a different kind of plastic. As a vehicle 
with such a wing entered the atmosphere, the Rogallo wing caught the 
air, billowing forth like a huge horizontal sail to let the craft float slowly 
down to earth. 

This idea developed fast enough for it to be included as a key part 
of the follow on to the Mercury program, Project Gemini. The Gemini 
capsule basically was a much larger version of Mercury, with space for 
two astronauts instead of one. Now, though, by unfurling the flex-wing 
after the Gemini had reentered the atmosphere from orbit permitted fly- 
ing the capsule down to a normal earth landing. This could be done by a 
series of cables attaching the wing to the capsule. As with a boat sail, by 
shortening or lengthening the cables, the astronauts could change the 
direction of the capsule, or the capsule’s rate of descent. 

Of course, the Gemini vehicle could not perform the high speed 
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As man moved closer to a massive assault on space, the need increased for better 
ground test facilities. An example is the huge test chamber, shown in this artist’s 
cross section, built at the Air Force’s Arnold, Tennessee, center. The chamber has a 
test area 35 feet in diameter by 65 feet high in which space hardware can be tried 
out under conditions close to that of outer space. 
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reentry tests that Dyna-Soar could. This information would still be im- 
portant to scientists for any future spacecraft reentering the atmosphere 
from other planets. But we didn’t really need this information this soon, 
it was felt, and it could be obtained more effectively later on with lifting 
body or other advanced type spacecraft. Not all scientists and engineers 
agreed with this reasoning. However, the arguments for abandoning 
Dyna-Soar seemed persuasive enough for Secretary of Defense Mc- 
Namara; in mid-December, 1963, he cancelled the program. At the same 
time, he gave an official go-ahead to the U.S. Air Force to develop and 
build the first U.S. orbiting space lab. 

Did this mean Dyna-Soar had been a total loss? No, for it provided 
many things to advance this country’s space work. The many tests and 
advanced developments on key parts of the plane provided a great deal 
of important information. The high temperature materials studies on the 
refractory metals and nose cap materials were just as important for any 
future space reentry vehicle as for Dyna-Soar. The adaptive control sys- 
tem which already had improved the performance of the X-15 was a 
major step forward for any future flyable space vehicle. The pilots al- 
ready in training for Dyna-Soar could simply be shifted to the new 
orbital program. One of them, Milt Thompson, had been testing light- 
weight flight models of the NASA M-2 lifting body spacecraft even 
while training for the Dyna-Soar mission. 

And, perhaps of most importance, the Dyna-Soar had given impe- 
tus to development of the Titan III launch system. This system would be 
much more powerful than any U.S. rocket assembly for many years to 
come. The Saturn V booster being readied for the Apollo moon landing 
would produce more thrust, but it would not be operational until 1968 
or 1969, some three to four years after Titan III. Even then, the first 
Saturn flight vehicles would be designed specifically for Apollo. It would 
be several years more before a redesigned Saturn with a high-energy 
upper stage could be provided for other missions. Thus Titan III filled a 
key gap in the U.S. space picture from 1965 until well into the 1970’s. 
When the new Orbiting Laboratory program was announced, the Air 
Force reported it intended to use Titan III to place the parts of the lab 
into orbit. 
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CHAPTER 4 


The Lifting Body Concept 


HE NEW PLAN included use of a Gemini capsule, possibly 
with a Rogallo Wing, for crew transfer and any supply needs. 
However, this did not mean the end to testing of more plane-like designs. 
The NASA work on its lifting body series continued right along at a 
slow, steady pace. The NASA studies, actually, did not deal with one 
body design, but rather a family of them. As of 1964, four of these were 
receiving the most research attention. Three of them, simply designated 
M-1, M-2 and M-3, were being developed at Ames Aeronautical Labo- 
ratory and the fourth, the HL-10, at NASA’s Langley Aeronautical 
Laboratory, Langley, Virginia. The general idea of all of these is the 
same, based on the use of a half cone, blunt-nosed body. However, the 
amount of roundness of the underbody, the overall length and maximum 
width of the body, is varied in the four designs. 
One of the Ames vehicles, the M-3, was devised partly with the idea 
of possible future fighter plane needs. It has a lifting body, but it also has 
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Martin-Marietta 


In the harsh environment of space, manned vehicles must be self-sufficient. Here 
Martin-Denver scientist Dr. R. D. Gafford checks cultures of plant forms known as 
algae. Algae, which can be grown in flight, are being considered as possible food 
sources for astronauts. Some types of algae may also be used in biological gas 
exchangers which could supply oxygen for breathing. 
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Main parts of the Flex-Wing design are indicated in this diagram. 


wings that fold up over the top of the craft. The wings provide a heat 
shield during reentry. The M-3 would be launched into space from a 
booster. During launch and reentry, the wings would remain folded. 
After the lifting body had been lowered far enough into atmosphere, the 
wings would be lowered into place. From then on, the plane could be 
flown like a conventional jet. 

The M-1 has a pyramidal shape which does not, by itself, give quite 
enough lift for landing. This is made up for by addition of an inflatable 
rear section or “afterbody.” After initial reentry, the afterbody is inflated 
so the pilot can fly down to the ground at the proper sinking speed. 

The vehicles that looked most interesting for future ferry uses were 
the M-2 and HL-10. By early 1963, an unpowered glider model of the 
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former had been completed at Ames. A key requirement was that the 
craft had to be stable at low altitudes and easy to land. The glider tests 
would prove if the concept would meet this. The low-cost glider, made of 
inexpensive materials (since the high temperature materials for reentry 
weren’t needed for low altitude tests) was built by NASA personnel. As 
it was nearing completion, a cardboard mock-up of the delta-shaped 
HL-10 was being made in one of the flight hangars at Edwards Air Force 
Base, California. Edwards was the home base for most advanced rocket- 
plan research, including the famed X-15 series. 

The M-2 is about 20 feet long with a slender half-cone body but a 
“boat-tailed” rear portion. Its only identifiable features are elevons, ver- 
‘tical fins, landing gear (three-wheel or a nose wheel plus two skids) and 


After completing a resupply mission to the orbiting lab, a Gemini ferry will return 
to land on earth using the huge, arrow-shaped plastic Rogallo wing. As shown in 
this sketch, after the capsule first touches down, the cables holding the wing onto 
the spacecraft are released so the wing doesn’t interfere with the landing. 


North American Aviation 





small pilot’s canopy. The M-2 shape and the other designs in the series 
were the products of the imagination of Dr. Alfred J. Eggers and his 
group. Dr. Eggers had previously scored many breakthroughs in ad- 
vanced aerodynamic systems. With Dr. Harvey Allen, he developed the 
theory that led to development of successful reentry nose cones for this 
country’s Intercontinental Ballistic Missiles. This work also permitted 
engineers to build the heat shields that protected our Project Mercury 
astronauts during their return from orbit. Eggers and his associates also 
found special wing design methods that made possible the B-70 Mach 3 
bomber design. Though the B-70 was shelved as a production bomber, 
its three prototypes gave scientists tools for development of the super- 
sonic transport. 

The idea of lifting bodies for space reentry* was proposed by 
Eggers in 1957 and was proved out by modest wind tunnel and theo- 
retical works in the years that followed. By 1962, studies had progressed 
far enough to warrant the building of the low cost M-2 glider. As Eggers 
states, “The M-2 configuration is one of the first steps in demonstrating 
a concept. We are now carrying our research further, here at Ames and 
elsewhere, in the hopes of advancing the lifting body concept to its full- 
est possible extent.” 

A 25-month program of flight tests was planned, including studies 
of gliders towed by trucks. For the truck studies, the glider is attached to 
a truck and is towed faster and faster until the craft flies—the same prin- 
ciple on which a kite is gotten into the air. These close-to-the-ground 
flights give the pilot a chance to become acquainted with the flying quali- 
ties of the flight. They also give engineers a chance to study the stability 
of the model with minimum danger to the pilot, They can then make any 
changes needed before high altitude glider tests begin. 

So it was that Milt Thompson took his place at the controls of the 
glider one day in the bright desert sunshine at Edwards. A long cable 
ran from the nose of the plane to the back of a high-powered truck. En- 
gineers gave the driver the “go” signal and the truck moved faster and 


* The lifting body concept for use in aircraft had been suggested many years before 
by aviation pioneer Vincent Burnelli. 
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“Spinning dumbbell” assembly is one suggested approach to an “artificial G” or- 
biting laboratory. 





faster down the several-mile hard-packed runway surface of the dry lake 
on which Edwards is located. Thousands of years ago, this was an actual 
lake, but now, except for the few winter rainstorms, it is completely dry 
and baked hard by the sun. As the truck grows smaller and smaller in the 
distance, the glider sweeps into the air. Thompson carefully gages his 
controls, moves his stick to correct small errors in the flight path. After 
a few minutes, the run is over and the odd-looking plane settles back to 
earth. 

The scene is repeated on many other days throughout 1963. 
Thompson completes some 70 flights in all behind the truck. The pro- 
gram meanwhile shifts to the next phase—altitude drop tests. This time, 
on September 2, 1963, the M-2 is towed by a C-47 cargo plane. The 
plane revs its engines on the long runway of Rogers Dry Lake, the pilot 
checks Thompson’s position some few hundred feet behind. The C-47 
takes to the air, with the M-2 trailing peacefully behind. At a 13,000- 
foot altitude, Thompson casts off the cable and heads his plane back 
towards the ground. The plywood glider is in a steep glide moving 
rapidly towards the ground. Thompson brings the nose up, flares out 
and completes a close to perfect landing—just three minutes after re- 
lease from the tow-plane. Once more the C-47 takes its position and fer- 
ries Thompson and the M-2 back into the cloudless skies. The plane 
comes back down—faster and faster—a little too fast this time. But 
again the nose comes up and, though the craft bounces once, the landing 
is good. 

The plane, reports Thompson, has come through like a champion. 
Though wingless, it handles much like a conventional plane, reports the 
pilot. However, the tests have shown up problems that need correcting. 
The lateral stability is poor—the plane keeps trying to roll from one side 
to the other. To find such problems and correct them is the role of a test 
program. 

There are many more considerations other than landing. The final 
design, of course, could not be made of plywood. As NASA scientist Lee 
Seegmiller of Ames stated, “This vehicle may encounter air tempera- 
tures well in excess of 10,000 degrees F.” So a continuing series of tests 
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When not in a “shirt-sleeve’” environment, the space ferry—orbiting lab astronaut 
must wear a protective pressure suit. Main parts of such a suit are shown in these 
General Electric sketches. The pressure suit undergarment, at left, can be worn 
under both the pressure suit and the shirt-sleeve garment. 
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in hypersonic wind tunnels was needed to refine heating data and permit 
proper choice of high temperature materials. In a typical test in the Ames 
one-foot Hypervelocity Tunnel, an air flow of 14,000 feet per second was 
sent around an M-2 model, producing temperatures at the craft’s blunt 
nose of 9000 degrees. 

This is high, but remember our earlier discussion of the Dyna-Soar. 
The temperature mentioned above is only at the plane’s nose. For Dyna- 
Soar, this value was 20,000 degrees—thus the M-2 system cut the stag- 
nation point temperature by 10,000 degrees. This reduction isn’t as 
marked in other parts of the M-2, but still, temperatures on other parts 
of the craft would be several hundred degrees lower than the 1000 to 
4000 degrees of Dyna-Soar. This makes it possible to use more standard 
materials, such as a nickel base alloy known as René 41, in much of the 
M-2 structure. Nickel base alloys are still superalloys, but they are less 
expensive than, say, large sheets of refractory metals. And our engineers 
have much more experience in using such alloys, since the X-15 was 
made mostly from nickel base material. 

NASA scientists noted that the M or HL-10 designs had excellent 
capabilities for future ferry missions. The 20-foot-long shape of the M-2 
plywood glider, if converted to a complete high temperature craft, would 
have room for eight astronauts, each having a seat 40 inches wide with 
enough room left for a 20-inch aisle. The total weight of the vehicle 
would be 14,500 pounds, well within the payload capability of the Titan 
III system. By increasing the length of the M design to 28 feet, room 
could be made for a 12-man orbital crew. 

By 1964, the glider flight had shown enough promise for NASA to 
take the next step, award of a contract to build metal models for high 
altitude drop tests. After a design competition, Norair Division of North- 
rop Corporation was selected to build aluminum gliders of the M-2 and 
HL-10. These, when completed, would be taken to altitudes of 30,000 
to 40,000 feet for flights back to Edwards Air Force Base. The metal 
craft would be complete planes rather than plywood ones, but they still 
would not be good for reentry missions. That would have to come only 
after years of rigorous testing of the aluminum designs and careful con- 
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After the first manned orbiting laboratories have provided information on the space 
environment, larger and larger test stations can be orbited. One of these more 


ambitious designs being considered by NASA is this three-armed radial module 
rotating lab. 
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sideration of the complex equipment that would be needed to come back 
from orbit and make a normal earth landing. 

It was obvious that neither the M-2 nor the many other space ferry 
possibilities would be ready in the time period originally planned for the 
Dyna-Soar. Even if a crash program were started on one of these designs 
in 1964, they would not become operational until the 1970’s. Thus the 


Orbital Lab ordered by Secretary of Defense McNamara was com- 
mitted to the Gemini-flex-wing principle. But, as we shall see, the MOL 


was only the first orbiting lab step. For the larger, more versatile stations 
that lay beyond it, the more maneuverable space ferry planes looked 
attractive indeed. 
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CHAPTER 5 


Enter the Space Station 


ET’S NOW TURN our attention to the development history of 
space stations. The Air Force had taken an early interest in 
their potential. In 1957, USAF researchers were already looking at the 
possibility of developing an orbital platform. Soon after, a number of 
Major aerospace companies, including Lockheed, Douglas Aircraft, 
General Electric, Martin and General Dynamics, were given study con- 
tracts to examine the whole station spectrum. Dozens of different ideas 
were looked at in detail, ranging from small two man stations to full- 
scale rotating platforms with crews approaching those of ocean liners. 
The studies included both making engineering drawings of each promis- 
ing type and wind tunnel tests of how these might operate in orbit. 

In the meantime, the National Aeronautics and Space Administra- 
tion, the civilian space agency, had been set up in 1958. Its scientists 
and engineers also were interested in the orbiting laboratory idea and, 
independently of the Air Force, set up research study programs at sev- 
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NASA 
Steps in deploying a large radial module orbiting station are shown in this series of 
sketches by E. H. Olling of NASA. 
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eral NASA laboratories. Over the years, contracts were also given to 
several companies, including Grumman Aircraft Engineering Corp., 
Douglas Aircraft and North American Aviation, to look into possible 
station designs. 

Naturally, the question arose about whether there was a need for 
two separate national efforts in this area. When the Kennedy Adminis- 
tration came into office, one of the things looked into was the future 
requirements for a space station. Since there was doubt in some officials’ 
minds about military operations in space, it was decided to concentrate 
all space research, for a time, in NASA. As a result, the Air Force 
stopped contracting on the space station in 1961. 

From 1961 to 1963, though, there were many discussions among 
top executives of the Department of Defense, NASA and elected govern- 
ment officials about the entire space station picture. While this went on, 
a few in-house studies continued in the Air Force and an only slightly 
more ambitious program in NASA. 

As the situation was reviewed, it was apparent that there were good 
reasons for space station work from both civilian and military considera- 
tions. If past history was any guide, there would eventually be a need for 
peacekeeping military craft in space just as there always has been on 
earth. To insure the proper development of such military systems, it was 
imperative to test new systems and the reaction of human beings under 
space conditions. This also included working out ways of rendezvousing 
in space and the resupply and maintenance of space vehicles. 

Another future advantage of space station research would be de- 
velopment of a global command post to check on any possible enemy 
activity throughout the world and also coordinate any defense needs of 
such activity. If a potential enemy developed such a post before the free 
world did, it could be a dangerous situation indeed. A space station also 
might provide the military with a way of intercepting unidentified satel- 
lites, with spacecraft to inspect them and, if they were found dangerous, 
destroy them. Finally, an orbital lab might point the way to a better com- 
munications link with any future space patrol. 

From a civilian standpoint, scientists knew there were many ex- 
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Still another possible space ferry of tomorrow is this huge Astroplane-10 liquid 
rocket system that can blast off from earth like a missile and later land like a reg- 
ular airplane. 


periments that could be run that would provide important new knowl- 
edge for man. This would include examining the effects of long-time 
weightlessness on man—something of equal importance to the military. 
A better understanding of the universe could also be gained because 
scientists located in an orbital lab would have views of space not warped 
by earth’s atmosphere. The development of a station, as has been noted, 
also might make it easier for future space travel, particularly once a 
good space ferry system had been developed. The station would also 
provide experience in putting together large structures in space. This, 
together with studies of other operations involved in landing on another 
planet, would be a major part of any future manned exploration of, say, 
the planet Mars. 
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After looking over the facts, first President Kennedy and, later, 
President Johnson, agreed there were good reasons for both military and 
civilian space stations. But any such program involved spending several 
billions of dollars. It was too expensive to warrant two completely sepa- 
rate national space station programs. Therefore, in early 1963, both 
NASA and USAF were ordered to work towards a proposal that could 
come closest to meeting all their requirements. This order did not mean 
that they were restricted to only one space station. There might logically 
be a step by step program, starting with small laboratories and working 
up, over the years, to a huge manned station. But for each step of the 
way, there would only be one, and not two, of a given type orbital craft 
used. 

From a time standpoint, the year in which the first station was 
orbited was not critical to NASA. The space agency’s first and most im- 
portant task was the Apollo moon landing program, targeted for the late 
1960’s or early 1970's. But the service feeling was different. Secretary of 
the Air Force Eugene Zuckert stated during 1963 that a station was 
“absolutely critical” in development of an effective space defense sys- 
tem. He and other Air Force officers, in view of Russian space progress, 
felt the information on orbital operations was needed by 1967-69 if this 
was at all possible. 

This led to the logical decision made by Secretary of Defense Mc- 
Namara and President Johnson in December, 1963. The Air Force was 
told to go full speed ahead towards developing a low-cost, minimum- 
crew laboratory that could be orbited by Zuckert’s target date. The 
USAF program would aim at placing a station in orbit using, as much as 
possible, already available equipment for an initial period of 30 days. 
The crew would be restricted to from two to four men. As time went on, 
the laboratory would be improved to permit first 60 days and finally 90 
days in orbit. 

In the meantime, NASA would work on studies and tests leading to 
a much larger and truly national space station. But both agencies would 
work together on both projects. The MOL program would provide in- 
formation to NASA on what conditions to design the larger space station 
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for. At the same time, the Air Force would give NASA some idea of what 
advanced tests it would like to perform on the large station. 

What would this first Manned Orbital Laboratory be like? Heart 
of the system, it was decided, would be a simple, cylindrical canister. 
This would look for all the world like a huge “tin can” having a diameter 
of about 10 feet to match the diameter of the Titan III core. Length 
would be about 30 feet. Weighing some 15,000 pounds, the cylinder 
would have room for as many as four men to work in a “shirtsleeve” 
environment. To gain such an environment in the vacuum of space 
meant that the entire inside of the canister would be pressurized to pro- 
vide normal breathing conditions for the crew. With this setup, the astro- 
nauts wouldn’t have to wear the somewhat bulky space suits required for 


After completing its run to the manned orbiting lab, an Astroplane space ferry 
glides in for a regular earth landing. 
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operating the Gemini space capsule. The canister would have room for 
sleeping quarters and electronic test equipment. It also had to have a 
self-contained power supply system, such as the new “fuel cell” device, to 
provide electrical current to maintain the craft’s temperature, run the 
many types of life support and test equipment, and so on. 

The fuel cell is one of the most promising new advances to come 
from space research. Basically, it is a battery. But unlike regular bat- 
teries, which use up the chemicals inside them and then must be thrown 
out, the fuel cell keeps working for years. This was accomplished by 
designing the cell so that the chemicals were not contained inside it but, 
instead, were added, as needed, from outside tanks. 

As an example, take the first major manned fuel cell system, devel- 
oped for the Gemini program by General Electric Corp. The operating 
fluids for the system are liquid hydrogen and liquid oxygen. These are 
normally gases, and they first must be cooled down to hundreds of de- 
grees below zero to turn them into liquids. Then they must be stored 
under pressure in specially insulated tanks to keep them in the liquid 
state. The tanks are located near the fuel cell. When power is needed, 
the right amounts of hydrogen and oxygen are drawn into the cells. 
The two elements react together, giving off electrical power at the fuel 
cell terminals. Not only does this provide a lifetime battery, but the 
product of the reaction is water. This water can then be drawn off for 
use either in the drinking or cooling system of the spacecraft. Obviously, 
the fuel cell principle will eventually have major uses in earthbound 
activities, including such things as providing power for automobiles of 
the future. 

The canister system would have a much more powerful fuel cell 
system than the regular Gemini. With the death of Dyna-Soar, of course, 
the Gemini had become a key part of the new laboratory approach. For 
the first missions, it was decided to use one Gemini capsule which would 
sit on top of the laboratory cylinder during launch. In orbit, it would 
automatically be located ahead or in back of the canister. The Gemini 
for MOL, though, would be modified from the original 1965-66 orbital 
capsule. Since the canister would have a fuel cell supply, Gemini didn’t 
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Using a burned-out upper stage for a space lab has been suggested by such com- 
panies as Douglas Aircraft. In orbit, astronauts would leave their Gemini ferry 
vehicle to enter the empty tank and convert it to a laboratory. 


need as large a fuel supply. Other systems too, such as the orbital attitude 
control system, could be smaller and lighter since the major position- 
changing equipment would be in the canister. In orbit, of course, the 
Gemini would be an active part of the overall laboratory. It also pro- 
vided seating for the crew during launch and, later, for return from orbit 
to earth. The weight of a Gemini ferry craft for MOL, it was found, 
would be about 6000 pounds. 

A major design need was to guard against puncturing of the labo- 
ratory cabin wall by meteoroids. Scientists knew that space contained 
many of these small particles, for had they not been detected for years as 
they entered earth’s atmosphere and burned up? But no one was sure of 
just how many there were and how much of a hazard. As more and more 
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Cutaway diagram shows how a Saturn S-IV liquid-propulsion stage would look 
after being converted to a space lab. The S-IV uses hydrogen and oxygen fuels 
which, after burning in the stage’s engines, leave the insides of the fuel tanks clean 
and ready for conversion to human living quarters. 


satellites were orbited, though, information gave better ideas of the 
meteor danger. It was apparent that the chances of direct meteoroid hits 
on an object in space were relatively few. However, even one hit could 
be fatal if it punctured all the way through to the spaceship interior. 
Were that to happen, the air would quickly rush out into the vacuum of 
space and the crew, if not wearing their space suits, would soon die. 

To meet this possibility, special care had to be taken with the design 
of the canister walls. The answer, designers suggested, was to build two 
aluminum shells, one inside the other, with an air space between them 
filled with plastic insulation. Now if a meteoroid, which flashes through 
space faster than the fastest armor-piercing bullet, hit the outside wall, 
it would be slowed down enough so it would rattle harmlessly off the 
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Its series of spheres and cylinders firmly bolted together, a Spaceball station is 
moved into its final earth orbit by rocket engine in one of the stages. Instead of the 
2—8-man crews of MOL and other laboratories of the 1960s, Spaceball is manned 


by dozens of astronauts and scientists. If desired, such a station could also be pow- 
ered out of earth orbit and into a trajectory to another planet. 


Douglas Aircrafi 





inside wall. As still further protection, the canister would be designed in 
compartmentized form to become what might be called a “space sub- 
marine.” 

A submarine is built in a series of pressurized compartments so that 
if a failure occurs in one, it can be sealed off to prevent the ocean waters 
from sweeping into other parts of the craft. Similarly, the canister could 
be compartmented. This method not only permitted sealing off any area 
damaged by, say, meteoroids; it also solved the air lock problem for 
orbital transfer of astronauts and supplies. The entrance compartment 
could be sealed from the rest of the laboratory while transfer took place. 
Then, after the space hatch had been closed, the door between the en- 
trance section and the rest of the laboratory could be opened. 

A typical canister design used three compartments as follows: The 
aft section would be the docking and resupply center; the middle section 
would be the laboratory proper; and the forward compartment would 
provide sleeping quarters. 

As the design program went forward, scientists and engineers heat- 
edly discussed the question of what to do about weightlessness. Of 
course, a prime goal of the whole study was to find out the effects of long 
periods of weightlessness on the human body. On the other hand, for 
many experiments, such as communications studies, earth surveillance 
research, and so on, it would be better to have the crew as comfortable as 
possible. Then they could be at their best in making the many delicate 
measurements required. For this, it might be preferable to provide arti- 
ficial gravity. Such artificial “G” force could be gained by rotating the 
station. However, it would take a great deal of engineering know-how to 
make an artificial “G” station work. 
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CHAPTER 6 


MOL Design Problems 


THOUT DEFINITE data from space operations, research- 

ers were reduced to arguing from theory about whether the 
body could even stand long periods of weightlessness. It would be a lot 
simpler not to design an artificial G capability into the station. Some 
scientists felt weightlessness was purely “physiological”—that is, that 
man could live in a weightless environment if special exercises, careful 
selection of diet and proper layout of station equipment were planned. 
Others made dire predictions of possible harm to an astronaut who 
stayed in weightless condition for months. 

What to do? One answer, which NASA scientists had already set in 
motion, was to send up animals for long periods in orbit and see how 
they were affected. A program was established in 1963 called the “Bio- 
sattelite” study. This called for orbiting special satellites, beginning in 
1965, which could carry experiments varying from plant life up to 30- 
pound monkeys for periods to 30 days. After 30 days in orbit, the pri- 
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Another function of a future space station will be to service and inspect unmanned 
satellites. Here is an artist's sketch showing an astronaut team, who traveled to 
their targets in a space ferry from an orbital station, working on various kinds of 
space probes. 
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mate capsule would be parachuted back to earth and the monkey would 
be examined for any possible ill effects. 

However, this in itself could not be conclusive. A human body 
might be affected differently from a monkey. Also, the orbital mission 
called for longer than 30 days in weightless condition. In the end, it 
would take actual space station operation to completely answer the ques- 
tion. This again emphasized the need for space ferry ability even in the 
first simple station. The astronauts would truly be taking a voyage into 
the unknown. Since it would take longer than the 1967-69 time period 
to check out a station using artificial gravity, it seemed that the lab would 
have to be a “zero G” one. To prevent any harm to the astronauts, their 
condition would have to be carefully monitored by doctors on the 
ground. The minute they seemed to lose some of their effectiveness, they 
would be told to come back to earth. In fact, it might prove necessary to 
keep rotating the crews every few weeks until all the problems of weight- 
lessness had been explored. 

At the same time, though, studies had to continue on ways of turn- 
ing the initial zero G station into one having some gravity. A typical 
method, suggested by engineers at General Electric, would be to use a 
“spinning dumbbell” approach. This would start with the orbiting of 
the normal zero G canister. Then a second zero G canister would be 
launched into the same orbit several hundred feet ahead or behind the 
first canister. Neither of these would be manned. After it had been deter- 
mined by electronic signals to earth from the canisters that they were in 
proper position, two manned Gemini capsules would be launched, one 
for each canister. After the capsules had been docked into the laboratory 
sections, an expandable boom would be carefully launched from the nose 
of another booster so it was between the canisters. 

The boom would be, in effect, a large diameter hollow metal or 
reinforced plastic cylinder with ends that move in and out like the parts 
of a telescope. The ends would be moved out until the distance from the 
center of the boom to each end would be about 100 feet, for a total boom 
length of 200 feet. Each end would then be fastened to a canister. The 
canisters would not fasten head on, but rather be turned so the nose of 
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Problems of long times in space are studied in such special test setups as this one at 
General Dynamics/ Astronautics. A scientist monitors the performance of an astro- 
naut (located in the spacecraft mock-up in the background) on TV. 


67 


one pointed outward from earth and the other towards earth. Thus a 
small amount of rocket power from either or both canister sections would 
start the whole laboratory rotating like a huge spinning wheel. The hol- 
low boom also would serve as a long passageway through which men 
could move from one side of the station to the other. 

Before the station started rotating, though, it would be necessary 
for some of the astronauts to carefully back the Gemini capsules off from 
the ends and redock them in the center of the boom. One reason for do- 
ing this is because, once the boom was rotating, the artificial G forces on 
the ends would make it hard to break the capsule loose for return to 
earth. At the center of the boom, though, the forces from each side would 
balance out and this area would still have zero gravity. Not only would 
this make it easier for Gemini ferries to dock or return to earth; it also 
would permit running zero G experiments in this area while keeping the 
rest of the station under artificial gravity. More important, though, is 
the weight saving gained through locating the ferries at the central hub. 
To keep the station spinning requires a certain amount of fuel for the 
rocket controls. The more weight at the ends that must be rotated, the 
more fuel needed. Engineering studies showed some 500 pounds of fuel 
could be saved for each spin-up maneuver by placing the ferries in the 
center. 

Besides such questions as weightlessness, there were many problems 
to be solved about the effects of space on the structures and materials 
used in the laboratory. For example, a major design problem of any 
space station is sealing. There have to be many hatches, doors, etc., to 
permit making repairs on the laboratory, transferring supplies and crew- 
men into and out of the station, performing certain experiments and so 
forth. These openings must be carefully designed to prevent the precious, 
life-giving internal air supply from leaking out into the vacuum of space. 
Scientists had to run many years of studies to find the best sealing mate- 
rials and methods. 

The vacuum of space can have strange effects on many materials 
used regularly on vehicles used in earth’s atmosphere. As an example, 
plastics are widely used in the form of synthetic rubber for sealing. But 
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plastic compounds are made up of a combination of several different ele- 
ments. Some of these elements have a tendency to change their form with 
change in pressure from, say, a solid to a liquid or gas. 

Of course, most people are aware of the way some materials change 
with temperature. Water changes to ice if its temperature goes down 
enough, or to vapor if the temperature goes up. But just as changes in 
temperature cause such variations, so do changes in pressure. Some ma- 
terials that are solids under the pressure of our atmosphere turn to gases 
in the pressureless vacuum of space. As was just noted, plastics are com- 
pounds made of a number of materials. If some of these elements turn 
into plastic and disappear from the plastic, the plastic’s properties 
change. A strong, flexible plastic, for instance, may turn into a weak, 


brittle one. 
Space affects metals too. Some metals, such as magnesium, if not 


covered with a protective coating, may also slowly change form and dis- 


Here space ferries are used by astronauts to perform the final assembly steps in a 
huge Spaceball orbiting station. 
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Large ground test station to 
study space docking problems 
is shown in this artist’s sketch. 
Such a facility permits check- 
ing out new space station de- 
signs before orbital operations 
are attempted. 
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appear into the void. Temperature, too, is a problem, though quite dif- 
ferent from the tens of thousands of degrees of heat with which a reentry 
space ferry must deal. The main problem for the space station is not so 
much high temperatures as the extreme cold of dark space, which may 
go several hundred degrees below zero. Also, parts for a space lab must 
withstand drastic changes in temperature from relatively hot when the 
surface is in sunlight to very cold when facing away from the sun. 

Just as critical is the effect of the conditions of space on regular 
lubricants. The best lubricants used on high performance spacecraft are 
of little use in space. Like parts of the plastic compounds discussed 


70 


above, these lubricants tend to evaporate and disappear. When this hap- 
pens in a vacuum, two metal surfaces that are supposed to slide past each 
other will, instead, stop moving. In fact, for many metals, the result is 
that the two parts “cold weld” permanently to each other. The answer is 
either to develop special lubricants that will work in a vacuum or, if regu- 
lar lubricants must be used, seal the parts inside leakproof housings. 

All of these things, then had to be studied in special test equipment 
before the first orbital stations could be built. Across the country, large 
space chambers began to take shape during the 1960’s. Special pumps 
were installed to take the air out of such chambers to try to duplicate the 
vacuum of space. 

Then materials and systems could be tested in the chambers to see 
how they would work. Of course, even space is not a perfect “vacuum.” 
A vacuum is defined as a complete absence of any particles of matter. 
Space actually contains billions of tiny particles. But space is such a tre- 
mendous area that the particles are widely spread out. They are so widely 
scattered that, compared to the densely packed area of earth’s atmos- 
phere, a given section of space is about as close to being empty of matter 
as you can get. To try to take an enclosed area on earth and empty it of 
enough gases and other bits of matter to duplicate exactly the conditions 
in space is very difficult. In fact, scientists knew that even the most pow- 
erful pumping systems they could invent could not remove enough par- 
ticles of matter to exactly reproduce that of space. But at least the vacuum 
they could get would be far closer to space conditions than even the high- 
est regions of earth’s atmosphere. But the ground tests could only give 
hints of true space performance—the final answers still had to be given 
by the astronauts—first in Gemini and then in MOL. 
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CHAPTER 7 


Training the Crews 


HILE ENGINEERS worked on studies such as these and ran 

hundreds of tests to review the problems involved, the job of 
training future space crews continued steadily. Already in training, in 
1964, besides the former Dyna-Soar pilots, were the nine Gemini-Apollo 
astronauts. This group included seven military and two civilian pilots. 
The military group was made up of four Air Force and three Navy pilots. 
The Navy men were Lieutenant Commander James-A. Lovell, Jr., Lieu- 
tenant Commander John W. Young, and Lieutenant Charles Conrad. 
The Air Force group comprised Major Frank Borman, Captain James 
A. McDivitt, Captain Thomas P. Stafford, and Captain Edward White. 
Working along with them were six of the seven Project Mercury astro- 
nauts (in 1964, Colonel Glenn retired from the service). In addition, the 
Space Pilots School at Edwards Air Force Base, California, by 1964 
was in full swing with new classes of astronauts. Those successfully com- 
pleting the course were sent on to the NASA Manned Spacecraft Center 
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The effects of weightlessness on man in space are studied in this special rig at 
General Dynamics. 


in Houston, Texas, to join the other astronauts in training for space 
missions. The graduating class of January, 1964, consisted of 14 pilots: 
USAF Major Edward Aldrin, Jr., USAF Captains Michael Collins, Theo- 
dore Freeman, Don Eisele, David Scott, Charles Bassett IT, and William 
Anders; Navy Lieutenant Commander Richard Gordon, Jr.; Navy Lieu- 
tenants Roger Chaffee, Allen Bean, and Eugene Cernan; Marine Cap- 
tain Clifton Williams, Jr.; and civilians R. Walter Cunningham and 
Russell Schweickart. 

The space school trainees were, as always, not just from the Air 
Force, but from all services and civilian ranks as well. For, as Secretary 
McNamara pointed out in his MOL directive, the Laboratory was to per- 
form tasks not only for the Air Force but for the Army, Navy and NASA 
as well. The Navy jobs, for instance, included possible surveillance of the 
oceans of the world. The orbital astronauts would help develop special 
sensors which could detect and track hostile submarines from these 
crafts’ underwater wakes. Not only could a space station permit monitor- 
ing of the huge, uncharted water areas for enemy vessels; it also could 
help our own naval vessels. It could do this by providing precise position 
information so our own submarines would know where they were when 
they were not near any familiar landmarks. At present, our missile-car- 
rying submarines cannot home in on enemy targets with as great an ac- 
curacy as they desire because of the difficulty in finding their location on 
the globe to within a few miles. 

For the Army, the space station could also serve as a huge observa- 
tion post in the heavens. In case of a world war, the station could deter- 
mine damage to enemy areas and send this information back to our 
forces. Then Army commanders would be in better position to decide the 
next step. 

More positively, just the location of an operating station in space 
would act as a deterrent to any foreign power thinking of war. It might 
prove still another important tool in keeping peace on earth. For all the 
services and for all of mankind, a manned space station offered still an- 
other warning station for sudden weather changes. By signaling earth in 
advance that a major storm was brewing in some remote part of the 
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globe, the astronauts could help save thousands of lives and millions of 
dollars in property. 

With all this in mind, the steadily increasing numbers of space pilots 
went eagerly through the many rugged parts of the training program. As 
in previous programs, all had to learn to handle spacecraft controls while 
whirling at breakneck speed in special centrifuges. They had to pick out 
the right series of patterns in split-second decisions on special electronic, 
computer-run learning machines. They had to undergo periods of weight- 
lessness in specially planned KC-135 bomber flights. In other special rigs, 
the astronauts carefully practiced docking a Gemini-shaped capsule into 
a second, simulated space vehicle. 

But there were many new chores the astronauts had to perfect. With 


Closest thing to a walk in space is a walk underwater. Here a scientist at Boeing 
maneuvers in a water tank, duplicating the feelings the man would experience in 
zero gravity. The large backpack supplies breathing air while the white objects on 
the man’s ankles are counterbalance weights. Under this kind of environment, astro- 
nauts can practice “swimming” in space such as was actually performed by the 
Russian astronaut during the March, 1965, Voskhod II orbit. 
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longer times in orbit, they had to be able to understand the many com- 
plex parts of the system so they could make repairs in space. Day after 
day they studied diagrams of fuel cells, electrical power systems, elec- 
tronic black boxes. Then they would spend hours reassembling parts— 
attaching new replacement units so that the system worked properly 
again. They had to know how to be aware that a failure had occurred, 
and how to take quick action to fix it. 

Special, true-to-life flight trainers were also developed to reproduce 
all the factors of the space station mission on the ground. For this, the 
pilots would sit in a duplicate of a space capsule with all the instruments 
in place. Electronic computers connected the instrument panel to dis- 
plays outside the window that looked as much like the real picture in 


While preparing for space station operation, astronauts practice docking maneuvers 
in simulators such as this one at General Dynamics Corp. 
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Medium-sized orbiting lab is this Manned Orbital Research Laboratory (MORL) de- 
veloped for NASA’s Langley Lab by Douglas Missiles & Spacecraft Division. The lab, 
which weighs about 35,000 pounds, could maintain 3 to 6 men in orbit for a year. 


space as possible. Through the window, the astronauts would see the star 
patterns they would see in the blackness of space. Ahead of them they 
would see the target—part of the space station. Its relation to them 
would change depending on how they moved the controls. Hours of train- 
ing on this million dollar tool would pay off under the pressures of op- 
eration in space. 

But besides all this, the astronauts had to take special courses in 
many areas of science. At this early stage in space exploration, every 
crewman must be a skilled pilot. The tasks in space are so demanding 
and the weight allowed on each craft so limited, there just isn’t room for 
an extra, non-pilot passenger. On the other hand, the prime goal of all 
these early flights is to gain scientific information. The answer, then, is 
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to have the astronaut double as a scientist. Actually, he must “triple,” 
for he must also gain engineering information to permit building ever 
better spacecraft in the future. 

The engineering need is partly solved by selecting only pilot-astro- 
nauts with engineering degrees. To meet the science needs, the Manned 
Spacecraft Center set up special weekly seminars of science lectures by 
authorities in such fields as astronomy, electronics and physics. The goal 
was not just to give the astronauts training in the sciences, but also make 
it possible for them to “speak the scientist’s language.” That is, they had 
to be able to easily exchange information with men trained solely as 
scientists. 

For the future, plans were made for the gradual grooming of a new 
group of scientists specializing in space. By 1964, NASA was already 
screening promising young science scholars for the Apollo moon pro- 
gram. They would be taught to work under the conditions of space, using 
many of the simulators developed for the astronauts. This approach 
would be the reverse of the astronaut program. Whereas the astronauts 
start as pilots and learn science, the new breed of space scientists would 
start as scientists and learn some of the important parts of piloting. Of 
course, eventually, as space knowledge improved, larger space vehicles 
could be designed so even scientists without astronaut training could go 
into space. 
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CHAPTER 8 


Labs of the Future 


OIT WAS, by the mid-60’s, that all was rapidly moving towards 

the first orbiting laboratory. Even as Titan III boosters started 

their first flights from Cape Kennedy and the first laboratory parts neared 

completion on manufacturing assembly jigs, work proceeded steadily on 

the much larger stations of the 1970’s and 80’s. Let’s see how some of 
these might work. 

Generally, the procedures used to orbit the MOL applied to any 
space station. But, naturally, the larger the station, the more work each 
step required. To place a larger station in orbit called for more construc- 
tion work in space, more rendezvous and docking operations, the need 
for many more men to do the job and, finally, use of either many more 
boosters or much more powerful rocket systems. 

We have noted that the MOL role was primarily, though not en- 
tirely, aimed at finding out the military requirements in space. The larger 
types of space stations, though, have much greater potential for civilian 
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Douglas Aircraft 
Large zero-gravity orbiting lab might look like this in orbit around the earth. Such 
a laboratory could accommodate a crew of 24 to 36 men for as long as five years. 
Sketch shows an Apollo-type space ferry approaching the top of the lab which 
contains a docking facility and repair hangar. 
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space work, as indicated by the assignment of these projects to NASA. 
Such stations, as NASA scientists have indicated, are particularly im- 
portant for exploring the planets. Edward H. Olling, head of the Space 
Station Office, Spacecraft Research Division, at NASA’s Manned Space- 
craft Center, noted that the station researchers would study whether man 
had any serious physiological limits during space flight and what might 
be done to solve them. “Personnel at the space station would find the 
amount and type of radiation, meteoroids, temperature extremes, etc., to 
which man would be exposed during long flights.” This information 
would be vital for engineers designing major spaceship systems of the 
future. 

NASA did not expect to reach its eventual goal of a very large 
space station in one giant step. It planned to arrive at this in several 
stages, beginning with a “medium-sized laboratory a little bigger than the 
MOL. The medium station, designated MORL, would weigh about 
35,000 pounds and carry a crew of six to eight men. NASA also decided 
MORL would be designed to stay in orbit for a longer time than MOL, 
anywhere from six months to a year. 

NASA also concluded that two studies would be started of two 
different approaches to MORL. As the studies progressed, NASA could 
then choose the one that seemed best for the mission before spending any 
money on actual laboratory hardware. One possible way of doing the job 
would be to redesign the Apollo moon landing capsule into an orbital 
lab. North American Aviation, builder of the Apollo, was given this 
study contract. For the second approach, Douglas Aircraft Company’s 
Missile and Space Division was directed to look at a completely new 
laboratory. Douglas’ design, developed with the aid of NASA’s Langley, 
Virginia, laboratory, consists basically of a single long cylinder with a 
cone-shaped nose section. The cylinder houses one large spherical cham- 
ber divided into an upper (laboratory) and lower (living) compartment. 
The room, 20 feet in diameter, would serve as a combined working and 
living space for the eight astronauts. 

The large station which would follow MORL could draw on the 
MORL experience to insure that it would work properly in space. There 
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Three-armed LORL design is shown in this artist’s sketch. Center hub, which contains 
parking area for several space ferries, does not rotate and thus remains weightless. 
Under the hangar area is a laboratory for study of weightlessness. The three arms 
rotate around the hub to create artificial gravity. Cutaway of one arm shows it to 
contain a series of rooms for other laboratory requirements and studies. 


are many more problems involved in maintaining a station with a large 
crew for long periods of time. The large station requires much more re- 
supply of food and fuel than a two or four man station such as MOL. In 
addition, MOL is only planned for a few months while the very large 
station would be manned for a year or several years. Since a large station 
can cost billions of dollars to build and orbit, to try to go directly from 
MOL to the large one with so many problems unanswered could have led 
to many costly failures. By going first to MORL and perhaps even a 
second, slightly larger lab than MORL first, NASA could be much more 
certain of a successful large station project in the future. 

The large station would go beyond basic science experiments and 
provide a true way station for the conquest of space. It could, Edward 
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Olling points out, “provide support for planetary flights by conducting 
research on plants, animals, materials, surface finishes, processes and 
equipment in space.” More important, the large station would serve as a 
proving ground for the selection of space crews under actual space con- 
ditions. Once the crews had been chosen for such missions as flights to 
Mars or Venus, the station would also serve as the training center for 
their future tasks. 

Therefore the orbiting station, as against MOL and MORL, would 
actually be a small city in space. It would have to have room for not only 
great amounts of test equipment and instruments, but also full-scale 
machine shops, classrooms, supply centers, and repair and check-out 
hangars for work on satellites or spacecraft systems. Thus instead of two 
or three compartments, it would have dozens of compartments. Instead 
of a total weight of 20—30,000 pounds such as for MOL, the large station 
would weigh several hundred thousand pounds. 

To gain some knowledge of what a huge complex would be like, 
LORL (Large Orbital Research Laboratory) studies were started even 
while the MORL studies were still going on. Three main designs were 
considered, and thought was also given to a fourth. The former were all 
one-piece laboratories, while the fourth method would be based on some 
kind of building block approach in which a great number of parts are 
put together in orbit like a huge Tinkertoy. Eventually, of course, several 
of these methods might be used. For example, a one-piece station might 
be orbited during the 1970’s. A much larger station, based on the build- 
ing block principle, might be the design needed for the huge space ter- 
minal of the more distant future. 

The three one-piece stations included two types which would rotate 
in orbit to provide artificial gravity. The third design was one which 
would orbit without rotating, with its crew operating the station in a 
weightless condition. The study of the large weightless laboratory was 
given to Douglas Missiles and Space Division while Lockheed’s Space 
Organization was charged with looking at the rotating designs. All of 
these types would be able to carry a crew of 24 to 36 men and have a 
gross station weight of about 245,000 pounds. 
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By 1964, many plans had been drawn up for all these possibilities. 
In its studies, Lockheed was able to draw on earlier work by NASA on 
two rotating designs, one a hollow, rigid hexagon approach, the other a 
three-arm radial type. The hexagon concept, originally developed for 
NASA by North American Aviation, uses six rigid cylinders 75 feet long 
and 10 feet in diameter connected to a central hub by three telescoping 
spokes. These parts are designed to fold down into a compact cylindrical 
system for launch. After the station is placed in orbit, small electric 
motors would expand the spokes, forcing the six cylinders out. Special 
latches in the cylinders would lock them together to form a rigid hexa- 
gon. The spokes and hexagon system would then begin spinning around 
the central hub. The hub would serve as a docking area for space ferries 


Large Orbiting Research Lab (LORL) of 1970’s or 1980’s would weigh 245,000 
pounds and carry a crew of from 24 to 36 men. Types under study include rotating 
ones that create artificial gravity and zero-gravity ones in which the crew would be 
weightless. Diagrams here show possible rotating hexagonal LORLs. The modified 
type uses plastic joints instead of all-metal. Photo shows how the lab would unfold 
after launch into orbital shape. 


North American Aviation 





delivering crew members and supplies. Men and supplies. would then 
move out through the hollow spokes to the working rooms located in the 
hexagon cylinders. 

The radial-arm approach, pioneered by NASA’s Manned Space- 
craft Center, is roughly “Y”-shaped. Laboratories can be installed in two 
ways—cither in the hollow insides of the three radial arms, or in large 
cylinders at the end of the arms. A large dome-shaped hub for this design 
would be divided into upper and lower areas. The upper half would be 
used as the spacecraft docking and maintenance hangar and the lower 
half as a low- or zero-gravity laboratory. This hub, as is the case for the 
hexagon, is “stationary” in orbit. That is, it orbits the earth, but does 
not spin. 

The radial arms which extend out from the hub are pivoted so they 
can rotate about the hub, providing artificial gravity for laboratories in 
this area. The pivot system also permits having the arms folded behind 
the hub during launch. 

The design has three rotating arms, but it could have two or four 
just as well. However, for the payload allowance of possible launch ve- 
hicles of the 1970’s (Saturns would be used), and the amount of equip- 
ment desired in the station, three seemed best. The question arose, of 
course, as to how much rotation was needed to give the desired artificial 
gravity. General Electric researchers reported their tests showed the 
value should be somewhere between a minimum of 0.2 G (that is, two- 
tenths of the acceleration due to gravity) and a maximum of one G. To 
gain this, their studies indicated the maximum orbital rotation rate 
should be four revolutions per minute. 

But, as Edward Olling stresses, there’s still a great deal of doubt 
about exactly what values of rotation are needed to provide the proper 
gravity environment for the crew or if any rotation at all is needed. Even 
though continuing ground tests over the years would help make things 
clearer, actual space-flight operation of stations is needed to give the 
final answer. Thus there was no reason to rush the LORL studies in the 
1960’s. Definite decisions as to which type LORL was best to build had 
to wait for data from earlier, simpler stations. 
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A prime example of this is the question of whether any rotation is 
needed at all. The simplest station to build is one which does not exceed 
the extra equipment to spin radial arms or hexagons. If operation of such 
stations as MOL showed man could work well in a weightless condition, 
then a LORL design such as that looked at by Douglas might be the one 
chosen. 

The Douglas laboratory would be 33 feet in diameter by 140 feet 
high. It would orbit the earth with its long axis at right angles to the orbit 
path (its tail always pointed towards the center of the earth). Its lower end 
would have a large hangar-docking area. Above this would be three pres- 
surized living and working compartments. Just above the top “story” of 
the station would be a fourth level containing a large centrifuge. The pur- 
pose of the centrifuge is to allow the crew to exercise their muscles once 
or twice a day under artificial gravity conditions to make up for their 
normal routine under weightless conditions. The centrifuge would be a 
rig that whirls rapidly around the center line of the station. Eight seats 
located at the edges of the rig, roughly 16 feet from the center, would be 
used by the astronauts. As they whirl around at very high speeds, their 
bodies would feel as though they were in a gravity field close to that of 
earth. 
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CHAPTER 9 


Towards the Planets 


EYOND THE one-piece approach, many companies have also 

considered possible building block designs. In this case, a 

whole series of launches would be used to send up parts that would be 

assembled in orbit to form a large station. An example of one station 

based on this idea is Douglas’ Spaceball concept. It would use a combina- 

tion of specially built spherical capsules—huge metal balls—with upper 
stage tankage from the massive Saturn booster. 

Douglas has the job of building S-IVB rocket stages for the multi- 
million-pound thrust Saturn V system. The S-I'VB is the third or topmost 
stage on this vehicle. Douglas engineers looked for ways of making maxi- 
mum use of the S-IVB and also saving weight for possible orbital sys- 
tems. They proposed that the stage be designed so that, once it had 
burned up all its fuel (unlike automobile fuels, the hydrogen and oxygen 
gases once used leave no slime or other coatings inside the tanks), it 
could be converted into a laboratory. A series of these burned-out stages 
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Manned orbital laboratory program was designed to study the military needs in 
space. The MOL can carry four astronauts in orbit for periods of 60 to 90 days. One 
concept of this lab is shown in this General Dynamics diagram. 
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could be orbited and, then, connected together by docking them into the 
spherical capsules. 

Here’s how it would work. From Cape Kennedy, a series of Saturn 
C-5 boosters would be prepared. Some would be topped with the large 
50-foot diameter spherical capsules. Others would simply have the basic 
three stages of the booster. The astronauts would enter the capsules and 
the countdown would start. As the green lights flickering on the com- 
mand consoles in the blockhouse showed all was in proper working 
order, the first capsule would roar off into the skies above the Cape. Soon 
after, when signals from space showed the Spaceball had orbited, an 
unmanned Saturn would be carefully oriented to meet the first payload 
in orbit. The S-IVB top stage would contain fuel enough to gain orbit, 
but it also would be covered on the outside with micrometeoroid protec- 
tion and have the necessary fittings to which internal walls and floors 
could be added. 

Soon it too would flash skyward. After the first two stages had 
burned out and separated, the S-IVB would use its fuel and coast until it 
was very close to the capsule. The astronauts would then use reaction 
controls in their craft to carefully mate an opening in one face of the 
sphere with the nose of the burned-out stage. Once the two were together, 
bolts and other fittings would be tightened down to make a permanent 
joint. 

Then a second S-IVB would be boosted into position on the other 
side of the sphere. This would also be docked and joined. In the days that 
followed, more and more capsules and emptied tanks would be installed 
until a group of perhaps six spheres and ten cylinders had been tied to- 
gether. Then the astronauts from the various spheres could enter the 
tanks and convert them into additional quarters, storage depots, labora- 
tories, etc. The advantage of the building block system is that a station 
could be made from as few as two or three modules up to even dozens 
of parts. Conceivably, a laboratory could start as just a tank and a con- 
necting capsule and, with time and as research or other needs called for 
it, be extended to a bigger and bigger system. 

In fact, a building block station could be turned into a space train 
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Lockhead Aircraft 


Larger, more maneuverable space ferries will be needed as space stations grow 
larger and more complex. One fully recoverable system proposed by Lockheed is 
this 10-passenger cargo carrier. Initial launch is by a hot-water-propulsion rocket 
sled. Instead of a missile-type booster, this design uses two nested stages that can 
fly back to earth after sending the third (payload) stage into orbit. Later, the third 
stage can glide back for an earth landing. 


by adding fuel tanks and engines while the station was in orbit. The sta- 
tion could then fire the engines to move out of orbit and into a trajectory 
through space. At another planet, the engines could be fired,once more 
to place the station in orbit again. The astronauts could then study the 
other planet, such as Mars or Venus, at a relatively unhurried pace. 

For all of these systems, from MOL to Spaceball, resupply re- 
mained a key consideration. In fact, the larger the laboratory, the greater 
the need for a constant shuttle of men and supplies to and from the sta- 
tion. For the larger stations, the need would continue to increase for 
bigger, more maneuverable space ferries. Engineers knew they would 
have to keep running tests on the lifting body designs, modified Apollo 
capsules, etc., that would someday replace the limited Gemini ferry of 
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MOL. The men who would fly these ferries of the future would not be 
the Dyna-Soar trainees or even their children. By the late 1970’s and 
80’s, completely new generations would have taken over the reins—pos- 
sibly some of them might be the grandsons, though, of the breed who 
would make the first giant steps into space on MOL and Apollo. 
Meanwhile, the astronauts of the sixties concentrated on Gemini. 
In February, 1964, the first towed glider tests began with the Gemini- 
flex-wing system. As with the M-2, powerful trucks towed the capsule 
down the dry lakes of Edwards AFB while the astronauts tested the flex- 
wing controls. In March, the tests progressed to free flight tests as the 
craft was lifted into the air, then released to glide smoothly back to earth. 
By this time the Gemini program was picking up steam towards the 


Docking problems are studied in a special test rig at Boeing Company’s laboratories. 
The small cone and the series of springs at left simulate a space station while the 
moving model at right represents a space ferry coming in to dock at the station. 


Boeing Co. 








General Electric 


A typical zero “G” space station for a crew of eight astronauts is shown in this 
General Electric sketch. Two Gemini supply capsules are shown docked at top and 
bottom of center of station. 


first two man orbit in early 1965. Now, with every step forward in 
Gemini, not only was the way being cleared for Apollo, but for the MOL 
program as well. Now too, Gemini was no longer a “dead end” program. 
Its original mission had been to provide a large space capsule to test out 
the rendezvous and docking methods to be used in placing man on the 
moon. Gemini would permit the astronauts to work out the methods and 
gain much needed experience while the Apollo capsule and its huge 
Saturn booster took shape. The moon landing program called for placing 
the several parts of the moon landing system in an orbit around the moon 
where they would be joined to complete the mission. This approach was 
required because even the Saturn booster did not have enough thrust to 
successfully direct-land men on the moon and have them return to earth. 
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Once the Saturn was ready to go, original plans were that Gemini 
would have phased out as did the first manned orbital system, Project 
Mercury. Now, of course, with Gemini such an important part of future 
space station systems, it was doubly interesting to the astronauts to gain 
experience in running it. So the first orbits of Gemini.also marked the 
first concrete step to the space station. And the space station was not an 
end in itself, for it too marked a possible jumping-off point for the plan- 
ets. Modifications of systems like Spaceball, as has been pointed out, 
might make it possible to move the whole station out of orbit around the 
earth and place it in a new orbit around another planet! 

The story, as you can see, really has no end. We have mentioned the 
astronauts in training and the space programs they are presently training 
for. As soon as the present goals are reached, new concepts and new 
space projects will come into view. When today’s astronauts finish their 
flights and retire, new ones will take their place. And each succeeding 
century will see an ever increasing number of space pioneers coming 
forth from the space academies of the future. 

In this brief review of present and near-future space stations and 
ferries, we started with an imaginary passenger ferry to an orbiting space 
terminal. The book has dealt, though, with scientific and military studies 
of such vehicles. However, these necessarily government-sponsored stud- 
ies will lead inexorably to an eventual spread of the human race outside 
the bounds of earth’s atmosphere. The busy civilian space depots of the 
twenty-first or, if not by then, the twenty-second century, will owe as 
much to today’s researchers as our gleaming new airline terminals owe 
to the brave test pilots and military aviators of the early 1900’s. Unlike 
today’s plane passengers, perhaps the space travelers of tomorrow will 
think a moment of the great debt due the pioneers of this twentieth 
century. 
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